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mmm 

lu mum?) ^ - k#i t mmm<D t- 9 mn t <d?c& m^t «b * 

i T-?m.nt, m2m^.m^zi^xmmmi r*- ? xmjjmmzmm. 

mmm i t- rmttt&mztitzmnz^sxTyft. 
mum 2 ? mn tmmztitzm 2 ~t> XT > t ^ 
m i mmmz «t o t#j» $ *u utrsag it>x7>7^i/ - kksm^ $ n 

mflE^ 1 -fc > X T > -f\z% 1 «aSC Srtt^i - %>tz#)<Dm 1 M I 

mifia^ i ^j^k x.^x%mzn, mmm 2 -t y xt y y^m 2 x ~ kk*mb 
z nfzmmm 2 ^ y xt y yizmmm i mmzms-t & tz&com 2 m i sfet 
•frh 2xj 'yTt&G-r&^mitmmzis^x. 
mmmi x- vtmmm2 x- Y\**5m\zfm.ziLx&L 
m^mm 1 7*- * x&ijBMfrbfflum i ^-**t>itf^^-*£#§^trKii;, 

[If ^ 2 ] 1 

mifs^ i t- ? tmifitzntzm 3 -t > xt > t ^ 
mmm2T-xmitmmztifzm4-k>xT>y°t, 
m2mmmz£^xmfflzti, mmm 3 y xt y x°<Dm 3 x - v^^ti 

tzmum 3 -ty XT X y'iiZm 2 WM&®i%n'i~ Z>fz£><7)m 3 M I SFET^P>4^ 

HtffBII 2 ffjftp&t:: «t o TAJ UP $ ft, mmm 4 -t y x t y -f<r>m 4 x - K 
£ tl/ifufEU 4-t>X7> "7°t;: huIEU 2 S^4"ttlai"'5> fztbcom 4 M I SFET 
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HtrfSUl i:i2^>X7^m#^f lfllOMI SFETif^tL, 
[If « 3 ] If 1 W^2i#^g(i, 

tt*tni5MisFETt, mmm 1 r*- * ^t^^^r-*- 9 m. t mmm 

tl.l6MI SFETi, 

±Mm i m^j r > yti, n 3 ftij«-cftij$p $ *u uirae* smisfetov- 

X- KU>f • K 1/ >f ^iK^i $n^:t7MISFETi, bu 

ie^6M I S FETOV-X • >ffi&tv-7s - Kl/^>TO 3 lI^tL 

fc&8MISFET£:, ffifEig 1 f*- * -ft <?> T- 9Ut Y- h $ 

*U tuf2^6M I SFET<DVU4 > t ftrSEfg 8 M I S F ETW7-^«* 

k w > 2tifzm9Mi sfet^ mum 1 r- 9 mnnmjjo r- 
9m.tr- htim&tzti. mumsMi sfetco kw y tm^miMi SF 

ETWV-X«fi(: Kl/^f >ri*gMi 1 OMI SFET^tt^,: 

[ISM 4] tt^3^f#:gtli, 

iu ieh 2 ii^-er- h twin 2 ti, mum 2 r- 9 mn<D-^<D r- 9 m t 
mmm 1 r- 9 A&timi<D-^<DT- 9 A&m%t<Dm!,zv - • kw>;?£ 
%^-fhm\ lMisFETt, mmm2r-9mi<vm?j<DT-9%%tmu 
mi r-9 \\&j^um<v\Wi<dt-9 \&t}%kt<Dm\zv-7. • vvjym&z 

^i-f&mi 2MI SFETt, 

mum 2 r - 9 mn \zmm £ titi m 2 tax r > -f t , 
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mmm 4 ummz x o xmm zn. 16/- kk«e£ tiTtimifE^ 2 mti r > 
±mm 2fcijTy 7i±, mmm 3 fijTO-cftijfp $ ti, mriEU 1 imisfet 

<7>V-X • KW >*lS§<h V-X • KW >^{f§^M$ti/j^ 1 3M I S FE 
T<h, fjlSfSl 2MI SFETW7-X • KP^>a^V-X • KW>*lj& 
t^fjl 1 4 M I SFET^, mTfE^ 2 x*- ?M<7)-*^)f- £ ^ 
- M^l^tU itfdffll 2MI S FET<7> KW > tMtZm 1 4MI SFET 

<7)v~x(DmwL&^ k w >tmwtznfzm 1 smisfet^ mtzm2 r- 
9 M^t^^f- 9 m t y- h &mm £ *u mmm 1 imi sfetokw 

3MI SFET<OV-^«fi|; KW >^^£ti7t:ill 6M 

i s fet t zmt, mums s- vtmmm6 y- wm^im^gt^ti-c^ 
mmm 1 r~ 9 mt<v& * t mm $ titzmm^mum 1 -t > * r > -7°(± huie^ 

S F E T <h^M£ JMI1-£ d £ 1-£^*#^fio 

£ ^1" & - <h £ 1" £ ^Sfo 

fulEifl 1 -b>XT>y<hBuSS^3 -lr>^T>-7^^\ WfrfB^ 2 -fc > * T > "7° i: 
^4-b>X7> ylt-^rii rthjEM M T > -f £ t#J&-f Z> Z\ t £ #gfc tf^. 
Mo 
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pfifi^im^- * *i*to 9 x « i miRm~ x^xmir- ? x^mi^m 
ztizm i r-rmnt, m2mam^x^xmum i x-?Att^»nc^ 

m i * 4 y * t . 

mum i mmmz x o xmm £ ti, mum 2-b>x7>ywi2/- kcm 

$a7tMIE^2^>XT>ytlHfrfBmi«^^#t|&-r^^«J6<7)^2MI S FET 

tu fen i r- ? mi t wm znfzM3-tyxry-7°t, 
mmm2r~9Unt^m^tifzm4-ty^ryy°t, 

m 2 umm~ x o xmm £ *u mzw. 3 -t >x r > 37- kksmss *i 

znfzmmm 4 *y >7izmum 2 nmzmsir&fztb <d%4m 1 sfet 
mie^i tm2 -tyxTyy'n&^m 1 jgmM<7)M 1 s fe-to^u 

HUlBm3 tm4'k>XTZ''7°l±&*m2mnm<VMI S FET*j-£;£U 
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Huifi^ i &$mx-r- h $ mmm 1 f-^^^)-^«f- 

^^ft^^5MI SFETi, huIE^I x- ^^©MOf- ?$£<h liyfSljl 

i ^-^Am^^of^o-r-^Am^^tcoF^^v-^ • vuj >m&zm 

t^»i6MI SFETt 

±ie0 1 tB^j t > -7°(i, ^ 3 tuf^^-ety^ $ Huta^ smisfetov- 

X- Kl/^>IMtV-X- KW >f«^M$tL7t^7MI SFETt mf 
fi£H6M I S FETCOV-X • VU4 >%mtV-X - K V ft 
/:I8M I SFETt, buK0 1 f-^^-J^f-^^*- 
*U fulfill 6MI SFETOKl/Oi mifiEfil 8MI SFETOV-X O^^* 
U > t5^M ?ti/:|9MISFETt fj IfiH 1 x*- 9 mtt<r)\fofi<n r - 
?UtV- YtfWinZti. BUK0 5MI S F E TO K V <i > t iulfi^ 7 M I SF 
ETOV-XO^M*^ >^39c£ft^i£l OMI SFETt^ft^C 

iiff^ 1 1 ] if mm i o <D^mfo'$iWte. 
mum 2 mm^-cy- h &mw z mmm 2 r- ? %m<v-^<D r~ 

fulfill 1 r- 9 7"- 9 Atb^fH t<Dffli,zv-x • k v 4 y%£ 

&zm-tz>mi imisfet^ mmm2T-9mi<vm?j<Dr~-?%&tmm 

tt^^l 2MI SFETh, 

mzm2T-?miiz&mznfzm2tiit)T>-7°t, 

fulfil 4 mmmz x o -c$ut*p £ n r 0 6 y - kk^m£ ft ^fulfill 2 r > 
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7 \z mmm 3 mm * ms-t -6^i6x^7ft*5i:tu 
_tfE* 2 m^r > mrfESS 3 ffimptii-cfflift $ frfE^ 1 imisfet 

<7>V-* • KW>&ftfcv-*- K U ^ >SH^1M $tLf:Hl.3MISFE 
Th, HufEfill 2MI S FETOV-X • K >%mtV-X ■ Kl"f 

$n^:il4MISFETi, iftffig 2 * IW^-^Or- * j£ ** 
- btmmZti. HufEfil 1 2 M I S F E T<7) K ^tKISi HMISFET 
©y-^Wjltt*!: Kl"f > riffle 1 5 M I SFETi, hu IBS 2 f*- 

* »f coffee r-*- * & t r- h Otmifo £ *U flfrffifS 1 IMISFET^ K W 
ytmU^l 3MI SFET<7)V-^OTOj: >t«M£ 1 6M 

I SFET^f L, HtrfS^ 5 /- Kfcfl}IE»6 ^ - K^W^WtC^^ ftTV> 

& c t sr^at-r^^ai^iio 

Z>tztb<?>m 17K^7 7ft, 

mris^ i -r- ? mti^wf btitzm i *ra<7)M i s f e TMfrb%2>mi -t 

BfjfSS 1 -fc>;*T P&LT Kits UtrgESH 2 t*- **£*jicf£lt hfitz 
HtrfE^ 1 2»«M<7)M I SFEWt>4S|2-t>^7>yt, 

n i unmz x o rttitti $ mmm i-t^7^^»i/-K «^ $ n 

/chiTIE^ Hr>X7>7 , i:|l fcA O^fE^ 1 illOM I S F 
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£ fulfill 2 -fc T > -7°^^ 1 fcifctOtfrgBg 1 ilI<7)M I S F 

mumi y- vtmmm2 y- yam^mz^m^tir. 

buses hot k k**jc& Ltzm i 7 - K«a*s^$*i, mum 1 9 h 

Ifflf3frE 1 3 ] If *5 1 2 fc*3V»t\ 
fufEIItfc^ -=e t;ni#^Ml SFE T £jyi U 

HUlSH 27^f h =r-7> VlZftfcLX\t}Ztl2>m2 y A h T K 1^ T^fu fEfl 1 

BU IEH 2 7^ l-37> Kll*tJ3LTA#£ft&fil2 9^ h r- 9 ^BufEU 1 9 

umm 1 4 ] tmm 1 2 o^s^s«t±. 
mum 1 b «h® $ *u Mian 1 r*- * mn<D-^<D r- >?m.t 

m\r-9 x\&t}mt<D-^<Dr-9 x\£t\%kt<Dm\zv-* . yv^ymh* 

5MI SFETh, BUie^l 7^-^mtcojtil7a^x-^^<hHUiaS 1 7" 
I6MI SFETt, 

±um 1 m^j r > yti, £ 3 ftutPjift'CflHifli $ buies 5 m i sfetwv- 

X- Kl^-T >fli£<h v-x • Kl^-T >WIi$n^:l7MI S FETt mi 
12I6MI SFETOV-^ • >m&£v-X • Kl"T £*i 

£H 8 M I S F E T , fulfil 1 r*- * mM<r>~?j<D r- 9 Mb Y- h 7)^^ $ 
*i, BufEffl6MI SFETW KW >hBufE||8MI SFET^)V-^«fi 
KKW £*ifc*9M I SFETi:, buIES 1 -r- ?^*t<^7jC9x- 

h7&«gM££*U BufEH5MI S FETO Kl^^f ><hBtrf£^7M I SF 
ETWV-X(7)gl*(: KW >&mmZtitzmi OMI SFET^tt^^ 
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1 5 ] tmm 1 4 o#iif«g(i, 

HufS^2il^g-er- h^JP^ti, p|S^2^-^IWO-^cOT--^^i: 

s&zft-t&mi lMisFETt, mmm2 r- ?mt<Dmij<Dr- rutmtz 

#-f&mi 2MI S F E T <b . 

mum 2 -r- * mn iz%m £ fr^m 2 r > -f t , 

miis^4$iH«m:oT$ij^$tL, me y- vizmmznfzmum2&ijT> 
±.$zm 2&tfT>yu, mum 3 ^ij^^-e$uip £ *i, mum 1 imisfet 

<DV-x • Kl/^f y-* • KW y^j&7>^^£ ^Tcfjl 1 3MI S FE 

Tt, tuIfiSl 2MI SFET<7>V-* • Vlsj >WtV-X • KWy*!i& 
t5^M ^ tLTti^ 1 4MI SFETi:, mffeijl 2 7*- ? mi<V-?j<D ? '- 9 B £ Y 

- htmticztL. mumi 2 mi sfetovu^ > tmumi 4mi sfet 

oy-^o^M^tc KW >^«S?jK$tL/i#i 5MI SFETt, frffif^iP- 

9 iw^i^^f- ? in t y- h t&*&m £ ti, mmm 1 imisfetwkw 

y tmifSfg 1 3M I SFET^y-^^iMC K W y^M^tL^H 1 6M 
I SFETt^tU lffifB£5 y- Kt«rgB*6y- Kri s «^ttU#«i£*L-0> 

[IS^ 1 6 ] fjf^ 1 2 lC£v»T, 

m mm 1 7 - K» ? ji#j ztiht, mum \wm2 -r - 9 m# c^n^ 

[ffl^l 7] Il7037> KK*tJSLTA77£*i£lFl 1 7^7K 
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£*i£fil2^h7 Kl^X^^J#-t'i.7t:^0^2 T Kl/^^ -y^-i:, 

mTfS^2 =>4 Fnv> KKitJEfc LTA^J £ft&f£ 2 9>f Ff-^»n/: 
#><7)ijl2 9 4 Ff-^77f 

ffiffifti-* ri/-ii, fti;£iniK:®£-t&tt&o7- m<h. 
ft 2 ^[6] £ lio x - ? , 

ft 1 t*- 

atriaft i r*- 9&tt\z&vhtitz%b i #mM<7)M isfe t^^^^^i -t 

HafBH 1 #lSOM I SFETi^^^l,i2-b>^T>7 s t, 

ft i $ijfp*juc i o rtijfp $ ti, irieft i-t>xr>7'oiiy-K dggg $ ft 

ft i ttifpj&t:: i o -cf&ijtp $ ii, mmm 2 -t > 7. r > 7v>ft 2 s - k $ *i 
7ttfr!Bft2 -b>xT>yi:i 1 sag*w#&i-*^*ofl(rf£ft 1 fti^M 1 s f 

luiEft 17^ h t yvt, \zm& Ltzmiv- Fmwmm $ *u ffiiaft i7>f 

-^75 s HtrfBft 1 ~t>XT>7°lzlfcmZti2>Z.t ZWffi.t1r&¥MfcmWo 

im^m 1 8 ] m^m 1 7 iza^x. 

BUfBft 27^7 K l^^lffliBft 1 T K1/X7 ^-tC^dH $ tL. iffifEft 27-f 

h x - * 7&*flHB» l7^Ff-^77f UlSis $ ft, Utrgfift 3 70 37>Fi: 
WtDLTA^7$tL*ft3 707 KP* deleft 2 T Kl/^7^f(«$^ 
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imitm 1 9 ] m^m 1 1 <v¥mi*mm.i±, 
mum i mtRm-er- f tmm £ *u Mte^ i x - 9 mM^-^cor- ?%%t 
m i r- 9 Ammm<v--iv<7)r- ? A&M%t<Dmizv - x • vu^y^m^ 
tt^i5Mi sfetl mzm i t- ?mi<vi&j]<Dr- ? mtmzm i t 

I6MI S F E T <h > 
ItffS^ 1 r-*- * j»W £ 7t ffl 1 m^J T > 7° <h £ M K ^ L , 

±um i m^j r > -7°n, i3 ^ijf^^-e^ij^ $ mum 5 m i sfet^v- 
x • k u 4 y%m tv-x ■ ki/^ ytmtmmz titzm 7misfet^ m 

Ei6MI SFETWV-X • KW • K W ti 

7t^8MI SFETt, buIB^I f-^M^f-^ty- htfmWcZ 
tl. iuf£H6M I S FETCO Kl/^ y t flufSfjl 8 M I S FET^V-^«fi 

k k y J y tf&m £ ftTtifji 9 m i SFETt, m um i ^ m.n<n\Wi<r) r- 

9%ktY- YtfWiWtZti, mJf£JI 5 M I S FETO W 4 y t mum 7 M I S F 
ETOV-X<7)^d?Jc FH >/^^£n£fjll OMI SFETtm^^ 

[»3jfcE 2 0 ] ffi^S 1 9 O^if 

luis^ 2 ii^ia-er- f tfum £ mum 2 f-^Mo-^f-^t 

mum 1 r- ? AftM&tt<v~ii<D-T- ? AttiMt<Dffli<zv - x • yujyfe 

ffiz^irzmi imisfet^ mum2 7-'-?mtt<vm^<Dr-?mtMU 
m 1 r- 9 A&t)mi^\a<nT- 9 x\&m%.t<7>m[zv - x . vu^ymmz 

m-tzmi 2MI SFETi, 

huIB^ 2 7"* ? «M £ tiTt: H 2 tB2l T > "7° £: , 

^4«^tcj:oT»$^ ^57- viz&mzntzmumimDTyyiz 
mzmn*Wi&-?z>tztb<7>m5x^ y^-t, 

mum4mm^zx^xwm^ti, m6s- vbzmmznfzmum2ia l t}Ty 
yizmum 3 mmzms-f z>fz&<Dm6x4 y^tz^zmL, 
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±gB»2m*r>^«±, ffiria#3fW»«rciM»$*t, utriE^i imisfet 

OV-X • YV4>®fttV-K • Kl^^ig&J&^ifcSttTtfcl 3MI SFE 
T£> mflB^l 2MI SFETOV-X • KU>f>gKtV-X • KW 
^M^tLTtSl 4MI SFETh, mrffi02 f-^i^^Of-^ity 
- h**g?tt$tL, irlfiHl 2MI SFET<7)K1/^ >fc!rSE$&l 4 M I S F E T 
OV-Xco^M^.U Kl"f 5MISFET^ 2 t*- 

? W^MOf- ? $ t ¥- h j&*g^ $ ti, hu fE£ 1 1MI SFETcoKW 
yhwmmi 3MI SFET(7)y-7(?)ii,a;(: KW >j& s gM£S*Lfc#l 6M 
ISFET^tL, mffS^5 7- KfcflrfE»6 K^'IMWCM $ *LT v> 

[1**^2 1] IS^S 1 7 K£^T, 

^ Tl/-i: U 

S 2 ^[6] IC^E-t £ lt<7) t* — * aft** , 

mmM$t<vr-?mi<Do %<d% 1 ^-^it^^M^tL^^ 1 mmm^u 1 

SFET^ttS$l-t>^7>7't, 

MI SFET^^tf^f 2-t>^T>7 P t, 

*l«lJ«l|fttcj:o-CilHJ»$^ ttjfS^l-t>XT>"7^^1 /- KKgMfcSft 
fclffllBfc 1 -fe>^T>7 0 ^^ 1 m^^#t*&t-^»^i6<7)HUfS^ 1 fllWM I S F 
ET^tt>5i 1 X-f y^-t^ 

mum 1 ftij^n «t o -rufijfp $ friB# 2t>xr> -7V)gi 27- kksms 

SFETm^l2X^f 7f^tU 
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mi ? 4 h > KWfSLti 1 T KW^(±A^l^tL, fulfill 

2 r k v 7s izMfc-f % mum 1 7* - 9 mi 2 n > 

[it ^2 3] tmm2 2<D¥-mi*mmi*, mmmi r-^mt^m^ 
fifzm2mmm<DM i s f Ern^^-r^ms ±>7T yyt^ 
mum 2 r-?mii<z&ffiztifzMmm2mmm<7)M i sFEn^ft^i 

4 -b >y 7>y°<h. 

tzmmm 3 -t y 7 r > -fizm 2 mw^m^^tz^^m 3x^;f^ 
mris^ 2 wmm- =t o Ttutfli $ *u mum 4 * > x r > 4 y - k 

$ ti/jmrf£^ 4-t>X7> riCBtflfi^ 2 m^^^i" £ £a6<7>t£ 4X^;f^ 
fulfill 1 7 4 h nv> KU2tJ£LTH 1 7 K^;u;W£-f &^'j-te;wc»§ 
fulfil y- KtfulfitM y- K(im^U^t$tLTv^,r <h£#$t<t-f & 

fulfi1tm^-?»j-<^ iliMt:ioT^l r~ 9 AtH^MClS 

zti&mi -r-fmit, i£2 ji^iiuiio-tmffefji 1 x*-?Am^#iw~^$c 

HtffS^ 1 ■f - * H*t «h gj£ $ ft 1 -b > X T > "7° £ , 

fulfil 2 t- ?mtt tmwtz ntzm 2 -t >^ r > 7°<t , 
tz mmm 1 -t > * r > 7^z m 1 m#. £«-r & t^os 1 m 1 s f e t ^ £ ^ 
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mum i $up«stc «t o tuhjisp $ *u mris^; 2-tr>x7>-7V)fji2/- kk««i 

£ftfcmrfEf&2 -tr > X T > m ffffi^ 1 m^^^i-^7t*i)<7)^2M I S F ET 

mzn&* * *) -t^&igmzti, 

[I*M2 5] m^M2 4K£v>T, 
/:|3MI SFETi, HuffiH 3 M I S FETHil^tL^i^f L, 

mzti, mum2r-9mzv-x • kw y^m^mm^nrzm 4mi sfe 

[SIS2 6] lt*52 5Hi3V^T, 

mrie^ i «fc *) m%k<7)m 1 r-*- **t**7&*aMR$*i, 

[0 0 0 1] 
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[0 0 0 2] 

DRAM (Dynamic Random Access Memory) "C 
L~C$>Z>D R AMIi, 9 * M&flEKfc^T" , [ij— 7- K««7 -f h MIR* friz 
a ^ 'j -t ;kt) t* - * £ -tr y x y > L , & &*ij^igi|is LS# § di^Ki 

mt-f&^&t LT, International Sol id-State 
Circuits Conference 2000 WP24-1 XfflTjkZtl 
tv^-t>^ifiMK(Wr ite before Sens e)# ? && 0 

[0 0 0 3] 

immxm 1 ] 

International Solid — State Circuits 
Conference, 2 0 0 0^ WP 2 4 - 1 
[0 0 0 4] 

immm&L^^ t-tzmm] 

OS, PMOS<7)V-^;-K75 ? -eti-r"ti3^>y-7iNCS, PCSt:M 
l?-t>^7 > -/^Ni^-b > X T > y°*mW) LXLio T$mtf$>Z>o HI 2 ICt 
fSBEI Sr/j^to 7- FWL <h Yil^Y S 2 3 ^IlM^ly^x*- 
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**l*tDL 2 t/bMDL 3 t / b Hff L^f- fffW^iht ti*> t , 7>ff 
WRt*- L2 t/b, DL3 t/b OigipSti, f&l^^H^^ -7 > K 

l^^V S S, SP^^fflll^mBE^^^VDL^^Am^lHS&^L^v^V t 
h n5HgfFL£mJEl-^;l/VDL- V t hltlif^o -O <£ 9 K-f- 

Y =ryv^ 9 £7>lt. ? uxij y 7>cC(7)y-^tPC s ^mmJ±u^<^v 

DLfrbABrtjy- ^U^IV t h n5M£TL7t:«EEl^;UVD L - V t h 
UfEft&U NMOS3^e>V-X|tNCS^VSS(;IEifj1-^o — sMK-fc 

[0 0 0 5] 

bOTlx-Tii,' IKABfC, 2 0(7)-tr;l/tz|WI— Of-? 
SoJ§£\ 1 oo7- K^O^TOf-^^Ti^oRiim^^&t-rt, S?^ 

[0 0 0 61 
[0 0 0 7] 



miiE# 2003-3083876 



&m 2002-324644 



^-v: 16/ 



[0 0 0 8] 

? r&m&.'tzm&m^-te. »cmos (wimos b7>y^^) ^co 

^oMOSFET (Metal Oxide Semiconductor F 
ield Effect Transistor) ^[I]j&fe-S!-(i^£p£ott£v> 
^cofiN^MO S F E T (NMOS) £^IU ^P£o^£ & PiMO S F 
ET (PMOS) £ESlJ£*i&o ^TMOSFET£D^£<$^WfflMtLTMO 

- 9 mm&x* i> iff n m Lm-r- ? mm&u'v i> mm<o%jm&$> ^ r-? mm$c iz 

[0 0 0 9] 

fflUDRAM^^EU 7 1/-AR Y t -eoJSj22tf>[lfi§:/n 7K*^t>X7> 
7°7'n77SAB<7)-|5^^Ltv^ 0 •b>^7>7 t S ABtcfev^, t'-^jH 
^DLO t/b, DL1 t/b-DLn t/bCli, %ti<?ti]EMMT >7m& 

^ic$tL^ 0 7n^*7 7>CCIi, j*>=e'j -t;H^f-^MDL 0 t /b, 
DL1 t / b - D L n t / b Cl^ttS $ ti^Mff jEflCiot^ 
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p^omBE^^^^-eJiiPii-^nii^-e, v-* Milieu 

-f v*«»aE$tL^ l^ONMO S [WJ^tcy-x^itiitc U Ev^r- h t 
K W >7fr*8Hgg£*ifc 1 *t6DPMO Sfrbte&o ?nx*7 7>CC(0NM0 S 
^>v-xnso,. NSl, — 1±, *-*i-€**io* y -7 0 ;i^C Cit:^i $ 
tLTV^o |Wpf$^ ^D^*7^CC^PMOS3^>v-xPS0, PS1 
— (±, ^-tL-etKT)^ uTsii y -7°)VC Cfti:^lt$<itv>4 0 iwti, Zti-Fti 
cov-^y-KNSO, NSl, — PSO, PSl-CIt *>^7>7^tt 
fb-f&NMO S-fe >X K7-f a'SND, PMOS-t>XK7'fA'SP D5&*8Mfc$ 
NMOS-t>^K7^fA'SND(t -fe > 7, T V •ffa'Mt'm ^ <f> n Ci •) V 
-X/-KNS0, NSl, -*«£El/^^VSStCJigtt-r*o Sfc, PMOS 
-b>x K^-T^S PD(i, -t>77> "7°fi?rl4 / ft / fff"*7 ^ p KJ: 0 v-xy- KP S 

o, psi, ■'•*r-?mw&n.i±^&&Tv-mj±vnL\ l zmW)irz>o mvi* 
. mmm^t ^^mm^uM-t^o x&tim&i ogi*, f-^wDL n t 

/b (n = 0, 1, 2—) tX&TimniOt/btZWiWtt&tztbnTsjv?- 
■C, YSiRH YSO, YS 1-YSnKJ: *)«|#p$*i* 0 YI 

&*u± x - ? «& * 3iiR-r * -f* n - ^ «t o $ n & 0 ^ - 9 *& -f >; ^ * - > 
z>-r-9m.7° ] )^ j r- z?W&. v d l r f^i- s^wiKt, t*- ? iftit n * 

[0 0 10] 

$-t>^7>7'7*o y ? ^riiffli" £ > T U-gARYO^^'J -fc;K7)l^ 
T -7 h #U £ HI 3 t^-To El iZTjk £ ft* F l±*/hJinX^-?*-C* *) , 7 - Kj» tf * 

^•o \/2-efcm-£fiz><> a Yv-v ; -Y^y 9 9 h sncti±^ ^';-b;i/ h 

h*-;i/T\ r*-**|=r>* ^ hDLCT(±^^'J-b^h7>yX^^tti[iL 
tT-9UT>L*mm.-t2>tztb<7>^y 9 9 Y*-)VT:hZ> 0 ( a ) Ji?*-;!^ 
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y KTW-'ef-J'*, 7- K*a*^ft/J^nX^F<7)2^<7)t 0 -y^-e@eit^tL 
, 7~-?|§UI!l^£>jl& KH2^:rfcH^^';-b^^M$nTV^ 0 (b 

) Ji 9 * - * - tf -y -f- T lx - -Cf- * jRic** L T*£ifcJf 75 ? £4i6 C^ot^-I. <7)tf ? 
mWXhh o «D&T* & T"* * *§L 7 - KifftOBB* fc" 7 T (ift/hiPX^t^ F o 2 
^t'vm^o (c) (±^--7°>T ? -^^f^Tlx--e*^o ^l^^ h 

■ei±, t* 9 m tf y itm^uan^-m f 3 fgo tr ? ^-e& & „ v - K«i tr ? 

^■(iS/J^nx^-^FO2fg-e*s 0 f-^t7- k^w^to^j:^ t'j-t 

^75 ? @eg$tLTv^co^#^T-*^o (a) , (b) Wl/^f T -7 htrfi. ^'J 
-b^ffiflfO*/hffi* f 8 F2fcfc£j&*, (c) OWT*hTI±, ^6F2t^^E»; 
-tr ;UB« £/h S < -C £ £ f!l j£ & o 
[0 0 1 1 1 

Ell 4 (a) Kli, ^:^<7)!rf^-e^^^nx^-7 7 0 ;uCC<7)NMOSgf>^^ 
WcWT-7 fi^Ltv^o T*-**ft*tf±^ ±T«2o©:o$y- h G 1 
R&G 2±Z* ffl'im'eWMZti* 3U*r- YXMitiX^^b K W >fJJD 
1 RZ/D 0 tmjj<D FW >&BA,-ev>;&^- h G 0 WG 1 m£^£*LTV>& 

-Kt-b>77>yK7^ASNDWKl-f >* t l£tfeJS"C»iR$*L'Cv^ 0 
X*-;^CC<7)7-xy- KNS 0 (±>t1PJJ^ra^^Oift^^f#:^ai6^tf 
CI -CifFM ?ti^,SGI (shallow groove isolation 
) Xfrm £ *u R^ffiiJ^-t > 7. K 7 ^ S N D Ci o & * n x * y 

CCi:^I?ntv^ 0 -b>*T>7 0 K7^SND(i7~-*||*tDL 0 t /b 
tDLl t /b<DW.mi l ~2^! l ZfrlfhtLX%mZtlX^& 0 f-^MDLO t 

t/bl^-b>^7>7'K7'f^SNDoy-xi:iil;fti^tLti/^o 
[0 0 121 

in 2 ^fflv^r^mif&it^^^it^^^ hWimz-D^xmm-t&o ?4 

fei7-KSNn:(i, (±C* 4 H' ^liint^t, 7^f Md^CJ:^ 
L' <^<Dtt^o 9 4 h 3-v> KfclWKT Kl/^^t'J 7l/-C^?i 
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yj^y-vif-^ pc7&*wmEEu^^-c*4fflaiHiKmEEvcLS:v^i'7- k 

^IDL 1 t/b**Xm*«llI 0 t/b fcgM£$*l& 0 AtUMl 0 t 

-^MDLl t /b tT-fSig^n^o iwti, T-'-y^Hcti, ffi'lfy-K 

SN 1 H#£j&£*iTv>3T-*-y t\tWfc%<7>7'-iri)*m&&tfiZ>o 

, f-WLl ti:' L' 7"-^^##^ftL, ISIfy- KSN 1 Kt>' L' 

*t& <hi--2) AiUMlOt/b^^f-^UDLl t Cli, 1B:« 
EV^^VSS^n f-^UDLlbUli, SlEl'^^ V D L AmtHUS& 
IOGWNMOS h 9 y 9 <D L # i/^tEV t h n 55**5 lt«i|@rt*ilHJ|g $ n/z 
mffiVDL-V t h ntfW^&iti&o f-^ W7 1/-tffVDL^^ L § 
v»jllEV t h Tt'h £ ^Jiipg h & £ NMO S y-y y- KN S 0 1 t PMO 
S V-xy- KP S 0 1 r B lOfEi7I/-tEVDL^f) Li^ffltEV t h 55* 
/h $ v^fg 1 1£ &o ^MfJ&T-fi, y n x * y 7°^ CCOV-xy- Rtf ? y o y * 
•y ^ftKfl'SSti'C^S©?, P«i-^> Yii^t;31^^tLTv^^v^y ny ^7 
•y y^CCov-x y- KlBimjEii, ^-v- y^«(@*§oTiJ 0 , 7'J 

tiJLIftf^Srfi 1 *-? £fca*T£-*o IWSNOi: 'L' ^f-^^f^in 
, 7^ h^ii^T-'-y^tO^^'J-t^SNO, S N 2 , — Kliffi^tfi Lfcf- y 

vffiJfHf # j> P C #^SJ± l^/l/ V C L j£ W2#J± V P P tcf^ 
5e£*i, f-^W'jft-y^ti^o NMOSV-X/-KNS 
0. NS1, -Ol/^JHi, f - ^ II 7° 'J f t - y P ^ ^ ^ ^ ^ n y; * 7 7°;^ C 
CONMOS<7)Llv«E^ftTL/:P^;Vit±#t^o Ult^ PMOS 
y-yy-KPSO, PS1, — 14, f-^I^Jf + -y WVDLR?}^ 
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[0 0 13] 

-b > x r > y'tmiR zti&Wj^^^^x mm l ^ a*, iocoy s k <£ o r 

[0 0 14] 

NMOS, PMOSOV-xy - KNS 0, NS1, -MPS0, P 

s i, -w^cf-^iwyj -f-^-^m^p c tmm^mffiittiinir zmfci^ 

LXi>£^ Q Z<7)m&. 7 5, J f t - vIPbII: v - ^ 7 - t - ^||S7 0, J f - ^ - 
yI/^VDLRIC7 0, Jf t- v-e £2><DX\ -7°>; ^ * - y'iffl^v — X / — K 
Ofg»*Wx.t>tL4 0-e^c5gL7tl6f^*|ia-Cl'*o NMOS, PMOS 

<7>V--xy- KHISrv 3 - h-f-^X-T yf-^tttftPMO S V-X7- KtNM 
O s v - x y - k £ |W| d 1/ ^ /w tc f^-f a d t ri*ffi * * ?t *!> ^te L fcl&ffc * US 

[0 0 15] 

>k\^, mi (ommm^fm^, i3C/ito*ttii, iowyimi:^ 

LT2o(Di:>^7>7'^II?^ti, M-t >X T > mi^Bf CAffi7Ji?4l I O 0 t 

10<7)YIMYS2 3^LT2007 ? -^MDL2 t/b, DL 
3 t/b^&tRSfi, f<7) 2 oiOf - ^M^li^tLtv^ ^ * 7 /^C 
CWV-77-K^ *ii^NMOS V-XX- KNS 2 3, PMOS V — X/ 
-KPS2 3 KgM*$*U Rit^7n7*77^CC^V-x;- KNS 0 1 
WP s 0 l t^ti^tifrmz*ix^&&x$>2> 0 
[0 0 16] 
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Ell 4 (b) Hii, ^m^mWi-Ch^^ U7.ii 7-/iVCC^O|tIi: 
•f-<7)-b>^T>y -f ^SB^OW M?!l£7j;LTv>& 0 ^^NMO S i: 
1-££yny<7j 7 7>CCWNMOS7-X/ - Kfc -t >y T > ~f I' ^'S N 
DO >^tfeJST*^$nrv^ 0 •b>^7>7°K7-f^'SNDcOV-^ 

i(±, iin-b>X7>7 > K7^ASNDOV-^t tfcffcJf ^fLtv^o 
2 o<7) y n ^ 7j y y^t? v - x y - K*#^ U ^Mlo^ nx* 7 
•7°;u £ (i-b T > 7° K7^A*SNDi:J:f) ntv»5, lov-7 
Lti^ 7ox*7 ■/;wcgM*LTv*&r'-*|ft{± % *I^YIMt:iotl 

[0 0 1 7] 
[0 0 18] 

^J&0*IJ,£lCO^T*E^& 0 tiT^O^ 1 0||JtffiI<7)3pJj^JCjDx.r, (3) Y 

l/^77h 7^ ? #^ K * £ f IJ,6t&*& a o 
[0 0 19] 

T^il^Sfia^lcfc^T. RBtKaiRSfia 8 0^7777^ y 
7^CC<7)7-X7-K^8ot*a^Mi, ^T»5J:, SvMi2oftTlJi, 
ii 4 K L T & IW<7)3^7H# *i& o 

[0 0 2 0] 

[0 0 2 1 ] 
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^W!l<7)-b>XT>yipIS&H^LT, mfr&LW)i'E*MMit'tZ>nU9 h^y 

mm^. Wx.lf, 1 YIKIY S 0 1 i:M Lt 2 o<7)f - ^MD L 0 t / 
b, DL1 t / b ri f £ *u 2 o<7)-r*- 9 *ITV>& ? nx fj 

y^ccov-^y-w ^iitcNMO s y-xy - kn s o l , pmos 
v-xy- KPS 0 l \zW*k2*i, iit^.^n^*7 7^CC«y-^y- K 
NS 2 3RZ/P S 2 3 t ^rtiJftifrffiZ fttv»* 0 *»JKT#iD LTv>& ^ P 
y h-k>XT>7°D S At±, r- H;x*-?^*trt ? A7J£ft> V-^^Ii:* 

^ h-b>XT >y°D S A(i> 'J - Kl&ffcOfc 9'4 V 9 h -fc >x T > 

yWMtlf #D S A E *) mUf^P $ ti& 9' 4 V 9 h"t>^ Vy 4 /*D SDCi f) 
v-x;- K^fit)±l/^;i/VS SUlEKii-^CtizJ: «9 , AttJTjy- V\zr- 
9Zlirt)ir& 0 ifz, Alitf39 - Viz it, 7 h << ^-y^ifRWEt 

^iJffil^tL^x^ -y^^M^ti, y^ hBttcfi, Am73®3&I OG t y 

£ rStt'fb-r 7& ? -e # & <o -c r y -t ^HKwa^k^a-c £ * fij **** h 0 

9U7sij y ~f)\> CCWy-X/ - KNS 0 1 , P S 0 1 t |WJ# 
\Z, *a<7)YiilR^YS 0 1 TSiRStl**'^ V9 b"t>XT>7D S ACOV- 
xy- K^IO/^ l^y F-tyxy-77 - KDS AS 0 1 KSMSSfi, m& 
-fZ>9"J U9 h-b>XT>-7°V-xy - KDS AS 2 3 t ltfrM.% tlT^^T* 

[0 0 2 2] 

N2Cli, H' £ £ ;h,Tv>£ <h & c ^ h > K t PJBfUT 

<7)-ty^Ty77n 7^(7)7 0| Jft-ylf ^ P c^mj±.u^<^v^)^mMjm 
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!&W±VCL^li7- K«£ffl#J±mEEV P P^MN£ttffc«EEV S S tcil^i" 
h o -e- <7)M. IejS ^tifzT Kl/^ HJtJS LtzV— K*ftW L TjylJR l"OVXh&m- 

KlxX(i*tj£L7t:Y5§K*JlY S 2 3 l^;W-e£>.5> jlja0S§«I± V C L |:J 

^-f&o 7P-7^ H'^-rMff-RWEIi:, 7 >T h B^Wk 
tCj&mffil^^^V S S Uilf^-t^o 7^ hB#(i, jiM#*I±l^;wVC L £|£# 
-T^o :tiCJ;ot, f-^^DL2 t/b^^DL3 t / b tfT- 9 AtH^I 

IOOt/bMlOl t/b fcSHR$ft*o ;oNf, AtiJMl OOt/bS 
<7I O 1 t/bSrSftL-Ci/^^-f F^7 7ri:J:oT, y^ h-f'-^^f-*-^ 
Mi:ftl^^^ 0 CftKJ:*), f-^MDL2 t/bS^ D L 3 t/bC 

t±. ^ti^ntimy - ks n 2 , sn3 i:f i&intt^f*-^ 

r*-***, I 0^- h I OGWNMOS h7>y^^OLiv>ffiIJIV t h 

igipi^jpi $ *i£«BEig*i-e# # & t ti z> o t** — 9 mtt&r v -ma v d l <b 

L^^ftmffiV t hft'h^^W&h NMO S y-xy- KN S 2 3 h P 

MOSV-X/ - KPS2 3 Wm&^T l/-lEVDL^f> L§v»ftWEV t 
h 53*/h $ v^iiipg t^^o ^flt^-C-ti, y n X 77 y -f)V C C O y - x y - K* s Y« 
^IftlSKfrKS ft TV R&^-&giJ<aYS$MllYS 0 lfSiR^n-Sf- 

^IIDL 0 t/b^^'DL 1 t/b(0^nx*'7 7^CCOV-xy- K IB WEE 
(PS0 1-NS0 1) t±, y'U^^-vBfcoigipI^^oT^O. y 0, ;-tr>Xftt; 
f^*e$*'v> 0 WfcWLWJ V>7 htV7 7>7°DSAIi7U-7^ h-f ^-r 
Mf-^RWE^mjEEl/^^VCLOBt, f-^lDL2t/b, DL3t/b 
— £ I Om^ffliJ-r-^^D I02t/b, D I O 3 t/b— j&sgMfcSft&fc*^ 
NM0ST»M?^?nx*-y7'^lt^-5o Z.<Dfzib, 9 j U ? h -k> XT 
yy°DS Acoy-y y- Kj&*JE»l$ft* /±17JiP.!l r*— ^iD 102 t/b, D 
103 t/b-^^LTf-^lDL2 t/b, D L 3 t / b -&if ipI-T&o * 

flffi£-e(±, YSKISc^^w^ h-tyyr>y°DS Acoy-xy- K^«$ 
*it^-Bo-e, y -Y hMtftyj v -ty 7.T y y°<Dv - 7, ; - kdsas 2 3 

ri^mflEW^VSS ft T<>, »«i"*g!lOYaiR*|YS 0 lT-Sif? 

£ft&r^ ixy h-tyxD S A<7)y-y y- KDSAS 0 1 (ifE»j£ft&^£a6 
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[0 0 2 3] 

- «:Am^jjsftum^j-e#. 7?-fcxn#ffl£fflfi-c§s 0 (5) m-kr# 

J: ^ 1 h-t >XT>-7°Hov^T 1 oco Y«Jlll£#J 0 

[0 0 2 4] 

ffiiEOlgjSffif 1 RlflllK, *tt S t PMO S<D v-x y - Kflfl 

[0 0 2 5] 

s A*j§#i-*fc#«>jg#i«s o, s i a>wtia2tix\<*&m!&'?$>z>o t<Dm<D 

[0 0 2 6] 

5e$*i, T77-J-?m, yrMUmtzW, fitffl^^VS S^il#i--i)o -€-<7) 

fl&ot&fNi, Htr^<7)H»J2 <h|wi«-e*^>o 

[0 0 2 7] 
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x\ ^y^ry-ffuy >? s abowt* MB«tSrfiu«-c§* 0 ask, 

flTC% l^* h-b>*T >7(DY- Hs^Tvi <f&Clt* f -C§, Affi^lft^ 
^it4itf 1 $t:4- 0 ISWI{:4^o * fc, mi <o$£Mm<0 «t -9 1 o 

[0 0 2 8] 

[0 0 2 9] 

o-t /u-e l tr v h gB«-f s^Y^ri/- uiffl L tzmte-eb z> „ *mm<v r 

f-^mtDLOt/b, DL1 t/b-^TOf-i'IC^^'J-tW^i? 
[0 0 3 0] 

^ift^O, 9>f M*f^SrEI8*fflv>TlttWi-4o 3B«y-KSN2 t/b(: 
W\ *rtL*rtL' H' /' L' si ttiTv^ tn» 9>f h 3 7> KtlBJHf 

7z.<7) -t > x r > y r n y ? (d -7 v f - -v - vft 95 p c j&«k*ee \"<fr-ti> h mm. 

UllJ&mffiVC L^li7- KiJSlffl|?-BE*ffiVPP^e»^Stt'ffc«JE.VS SC«^ 
1" * o $ tL tz 7 K 1/ * izttfc LtzT KV * O «7 - KUW L 0 >6 ? ii^ 

TJESSSfifcr KU;Uc*tJ£L£Y}IM£YS 2 3tf ? jItRl^;i/T&&J^2[nJj& 
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SJEVC L[zm&-tho aCiot, f-^llDL2 t/bMDL3 t/b 
^f-^AttiM I O 0 t /bRZf I Olt/b £&i!££*i£o d<7)0f, I O 0 
t/bMl Olt/b SrlESfr LT^I. 7^ F 77i:J;oT, T 

. ffilS^- KSN2 t/bWSN3 t / bt:#liiitiT^I.T-^ 

Ot/b, DL1 t /b ft-PfiKti, ' H' j&Wi' L' co-tr^^lf $c£ft 
T, f-^OKWJft-vl/^Ji'VDL R^ib^lULiflV s i 
g#Smtfcj£m±, j&mfifffJ^il^l-^o Atb^J^ IOOt/bMlOlt/ 
b^^f-^MDL 2 t/bSff'DL 3 t/b'Mi, I OY— Y I OG^NM 
OS }^ > v * * CO L § vMitmH V t h n 5j«I«M $ fLfcmfiHgWC* § & 
tflio f'- ? |^W ? 7 1/-1EEVDL^^I^ ^fl)± V t hfr'hZ^W&t 
%Z>t, NMOS KNS 0 UPMOSV-xy-KPS2 3WOf 

BEtTP-mJEVDL^f>L§v>ffimEEV t h^/h$v>S(6fc** 0 :£fl|j&7?(i 

SU^YS^YS 0 l-CMlRZn&T-fUDLO t/bMDL 1 t/bO* 
n^*7 7>CC^y-xy- KM WEE (PS01-NS0 1) ti, * v - 

X7>7°DSAiJ71/-7^ h >f ^--TMi-^RWETTOmEEl^^VC LOBf 
, f-^DL 2t/b, DL3 t/b-M Otti^fflflr'- ^j^D 102 t/b 
, DI03 t/b-^$n-5/:*, NMOStti^tL^^DX^^T 9 ^! 

tb^ffiiJ-r-^^D I O 2 t/b, D I 02 t/b-^Uf-^iWDL 
2t/b, DL3 t/b-£i*MBLTL£?o Lrt»U **j£-C(i, YIMft 

>f h-t>X7>7°DSA(7)y-xy-KDSAS2 3«E1/^^VS S 

iT-,iEftt)$tLT^. mst? z>w\<7)Ymm$.Y s o 1 -cii^^ti^^ v*.y 

XDS AOV-xy- KDS AS 0 1 b-k>XT 
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»>^7>^li, :Oi&!^tB LSM1^f&^ -t^-e^^o 

* M^-t >xr>7°®ic^ n^^7 y -7°;kt) v - x y - K£7>$t-r& d fc-?, S 
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